The objectives of this study were to use soybean cake as the raw material for the production of isoflavone powder and compare the effects of different carriers as well as drying methods on the powder quality. Results showed that with spray drying, a level of 40 % maltodextrin as carrier produced the highest yield (mass) of isoflavone powder, followed by 10 % gelatin and 1 % sodium alginate. However, a reversed trend was observed for the isoflavone content. With 1 % sodium alginate, freeze drying generated the greatest yield of isoflavone powder, followed by vacuum drying and spray drying. The isoflavone content also exhibited the same tendency. With poly-γ-glutamic acid (γ-PGA) as carrier, all six levels studied (0.57, 0.28, 0.14, 0.028, 0.014 and 0.003 %) were capable of forming powder containing high amounts of total isoflavone, which was comparable to that using 1% sodium alginate by freeze drying. Both high-and low-molecular-weight γ-PGA showed similar effects in terms of powder yield and isoflavone content.
Introduction
Isoflavones, a major class of flavonoids in soybeans, have received great attention in recent years because of their possible roles in the prevention of chronic diseases such as osteoporosis and hypercholesterolemia, as well as alleviation of postmenopausal syndromes [1] [2] [3] . Twelve isoflavones have been found in soybeans and are divided into four groups, i.e., malonylglucoside, glucoside, acetylglucoside and aglycone, in which the glucoside forms are dominant [4, 5] . Soybean cake (defatted soybean meal), a by-product obtained during processing of soybean oil, was found to contain high amounts of isoflavone [6, 7] . Thus, it would be a great advantage to the health food industry if the isoflavone in soybean cake could be extracted and processed into powder.
Powder products are often processed by vacuum, freeze or spray drying, but the powder yield and quality can vary depending upon the drying methods and conditions used [8] . For instance, freeze drying is generally considered the most appropriate method to maintain high powder quality, but the capital cost is high. Conversely, spray drying is suitable for commercial powder production, however, this method requires control of several variables like both inlet and outlet temperatures, and the powder quality may be affected during high-temperature drying [9] .
Different carriers like gelatin, gum arabic, maltodextrin, cellulose and glycerol monostearate have been used commercially to obtain nonsticky and free flowing powders [10, 11] , but these carriers suffer a major drawback, namely, a large quantity has to be used for powder formation, which may increase production cost substantially.
Poly-γ-glutamic acid (γ-PGA), a nontoxic and biodegradable polymer consisting of many glutamic acid units linked by amide bonding between α-amino and γ-carboxylic acid groups, is produced from Bacillus sp. [12] [13] [14] . Both high-molecular-weight γ-PGA (H-γ-PGA) and low-molecular-weight γ-PGA (L-γ-PGA) ranging from 10,000 to 2 million Daltons have been commercialized and they are produced in different ionic forms, i.e., Ca, Na and H-forms. The applications of γ-PGA in removing heavy metals, toxic compounds and artificial dyes have been well documented [12] [13] [14] [15] , but the feasibility of using a low level of γ-PGA as carrier for powder formation remains unknown and requires further investigation. The objectives of this study were to isolate isoflavones from soybean cake and determine the effects of various drying methods and carriers, especially γ-PGA, on the yield of isoflavone powder product. The isoflavone content changes as affected by drying conditions were also investigated.
Results and Discussion

Isoflavone content in soybean cake
In a previous study we demonstrated that all 12 isoflavones in soybean cake plus the internal standard formononetin could be separated by HPLC within 15 min using a Vydac 201TP54 C 18 column [7] . This method is much faster than those reported in the literature [6, 16, 17] . Figure 1 shows the chemical structures of the 12 isoflavones present in soybean cake. High r 2 values ranging from 0.9894~1 were observed for all the calibration curves of the 12 isoflavone standards. The linear regression equations of the 12 isoflavones were: y = 0.2049x-0.0016 (malonyldaidzin), y = 0.1686x+0.0218 (malonylglycitin), y = 0.4492x+0.0081 (malonylgenistin), y = 0.6777x+0.0018 (daidzin), y = 0.2729x-0.0164 (glycitin), y = 0.5138x+0.007 (genistin), y = 0.7899x+0.0048 (acetyldaidzin), y = 0.3716x+0.0087 (acetylglycitin), y = 0.9027x+0.022 (acetylgenistin), y = 0.8639x+0.0313 (daidzein), y = 0.4298x-0.0008 (glycitein) and y = 1.3841x+0.0679 (genistein), respectively. Malonylglucoside was the compound present in the largest amount in soybean cake (2,411 µg/g), followed by glucoside (2,184 µg/g), acetylglucoside (256 µg/g) and aglycone (159 µg/g) for a combined total of 5,010 µg/g [7] . These levels were much higher than those reported by Wang et al. [18] or Coward et al. [19] , who found malonylglucoside, glucoside, acetylglucoside and aglycone levels to be 1,013 and 1,340 µg/g, 475 and 249 µg/g, 0 and 207 µg/g, and 24 and 11 µg/g, respectively. These differences may be accounted for by variations in cultivar, growth environment, harvest time and storage conditions [6, 20] . 
Processing of isoflavone powder by spray drying
With gelatin as carrier, it was shown a 5 % level would make spray drying difficult because of the resulting low solids contents. By raising the gelatin level to 15 or 20 %, the isoflavone powder could be processed by spray drying, but the isoflavone content was then too low. Thus, the optimum level of gelatin was chosen to be 10 %. With the inlet temperature set lower than 170 °C, the isoflavone homogenate stuck to the inner tube in the spray dryer and complete drying could only be attained when the inlet temperature reached 180 °C or above with the outlet temperature maintained at 120°. For feed rate, a high value (>10 %) resulted in incomplete drying, while a low one (<10 %) required a longer drying time. Therefore, a value of 10 % was selected as the most suitable feed rate. By choosing the most favorable conditions shown above, that is, gelatin level 10 %, inlet temperature 180 °C, outlet temperature 120 °C and feed rate 10 %, a total amount of 3.6 g powder (6.5% H 2 O) containing 10,009 µg/g isoflavone was produced after drying.
With maltodextrin as carrier, a 10 % solution was prepared by dissolving 10 g of maltodextrin in 90 g of isoflavone extract and homogenizing for 10 min before spray drying, but the spray-dried powder was found to have a low solids content. By comparing maltodextrin concentrations of 20 % were also compared and the optimum level was found to be 20 %. By controlling the inlet temperature at 180 °C and outlet temperature at 120 °C, a total amount of 7.9 g powder (6.1% H 2 O) containing 1,887 µg/g isoflavone was obtained after spray drying. Because of its poor solubility in isoflavone extract, sodium alginate was first dissolved in deionized water and then mixed with isoflavone extract. A concentration of 4 % sodium alginate in water was found to be adequate to maintain a medium viscosity. A final concentration of 1 % sodium alginate in isoflavone extract was prepared by mixing 25 g of aqueous sodium alginate solution and 75 g of isoflavone extract. After homogenization for 10 min, the mixture was subjected to spray drying. By comparing four inlet temperatures (110, 130, 150 and 180 °C), it was shown that higher temperatures (150 and 180 °C) may cause degradation of the isoflavone powder particles, whereas a low temperature (110 °C) could result in inadequate drying. Therefore, the most favorable inlet and outlet temperatures were 130 and 100 °C, respectively. As for feed rate, a 7 % level was optimum as a higher feed rate (≥10 %) led to incomplete drying. A total amount of 1.9 g powder (6.9 % H 2 O) containing 23,847 µg/g isoflavone was thus generated after spray drying (Table 1) . Evidently, the yield of isoflavone powder can be affected by both the type of carrier and spray-drying conditions. Fernandez-Perez et al. [21] studied the effects of inlet temperature (100-200 °C) and feed rate (2.5-10 mL/min) on the quality of spray-dried instant soup powder and found that the powder yield increased as the inlet temperature increased (<160 °C). However, a high inlet temperature (200 °C) would decrease the yield of powder, probably due to powder particle degradation. In addition, these authors pointed out that the faster the feed rate and the lower the outlet temperature, the lower the yield of powder. Goula and Adamopoulos [22] also reported that the lower the inlet temperature and the slower the hot air rate, the higher density of the powder was. Likewise, the higher the inlet temperature and the slower the hot air rate, the lower the moisture content of the powder was. Some other authors have suggested that a high feed rate may increase the volume of liquid droplets to thus produce a low yield of powder [23] . Krishnan et al. [24] further stated that carriers such as gelatin and sodium alginate possessed higher viscosity than maltodextrin, which was less efficient in terms of active material or core material encapsulation. Theoretically, the higher the solid content, the larger the yield of powder [21] . But, a high solids content would result in a low amount of active material being encapsulated into the powder. For example, in our study the highest yield of powder (7.9 g) was produced with 40 % maltodextrin as carrier, followed by 10 % gelatin (3.6 g) and 1 % sodium alginate (1.9 g). In contrast, the isoflavone content in the powder followed an increasing trend, with values of 1,887, 10,009 and 23,847 µg/g, respectively.
Production of isoflavone powder by vacuum drying
The results shown above clearly indicate that with 1 % sodium alginate as carrier, a powder product containing high level of isoflavone could be obtained by spray drying. Thus, we further investigated the possibility of processing isoflavone extract into powder with sodium alginate as carrier by vacuum drying. Of the five proportions studied, a powder product of 5.3 and 4.9 g was obtained for the isoflavone solutions containing 1 and 0.4 % sodium alginate, respectively, while the other three levels (0.2, 0.1 and 0.05 %) failed to form powder, probably because of low solids content. In contrast, powder products of 5.9, 5.6, 5.5 and 5.4 g resulted from the isoflavone solutions containing 1, 0.4, 0.2 and 0.1 % H-γ-PGA, respectively, whereas the level of 0.05 % H-γ-PGA failed to produce powder. The isoflavone content in the powder increased with the decreasing concentration of both carriers (Table 2) . A concentration of 0.1% H-γ-PGA in the isoflavone extract produced the highest yield (51,564 µg/g) of total isoflavone, followed by the other three concentrations of 0.2, 0.4 and 1 %, which gave 49,900, 46,689 and 38,165 µg/g, respectively. Similarly, a level of 0.4 % sodium alginate in the isoflavone extract generated a greater yield (49,041 µg/g) of total isoflavone than that of 1% (38,661 µg/g). All four groups of isoflavones, namely, malonylglucosides, glucosides, acetylglucosides and aglycones showed the same trend.
The above results indicated the most appropriate concentrations for sodium alginate and H-γ-PGA in isoflavone extract were 0.4 and 0.1 %, respectively, with the proportion of carrier to isoflavone extract being 1:4 and 1:19 (w/w). Therefore, it is necessary to investigate the possibility of producing powder product by lowering the levels of both carriers. Four levels of 0.4, 0.2, 0.04 and 0.02 % of sodium alginate, and 0.1, 0.05, 0.01 and 0.005 % of both H-γ-PGA and L-γ-PGA, were each prepared in isoflavone extract as described above. A powder product of 4.9, 4.7 and 4.6 g was formed for alginate levels of 0.4, 0.2 and 0.04 %, respectively. For both H-γ-PGA and L-γ-PGA levels at 0.1, 0.05 and 0.01 %, a powder product of 5.4, 5.2 and 5.2 g was generated for the former and 5.6, 5.3 and 5.3 g for the latter. Levels of 0.02 % sodium alginate and 0.005 % of H-γ-PGA or L-γ-PGA both failed to form powder, which may be due to the presence of a low solids content. The highest amount of malonylglucoside was found for 0.01 % H-γ-PGA and L-γ-PGA, which equaled 27,052 and 26,868 µg/g, respectively, followed by 0.05 % H-γ-PGA and L-γ-PGA (25,498 and 25,059 µg/g), and 0.04 and 0.2 % sodium alginate (24,764 and 21,978 µg/g). The same trend also occurred for both acetylglucoside and aglycone. However, only minor differences were shown for glucoside (Table 3) . For total isoflavone, it also followed a similar trend as the four groups of isoflavones. 
Processing of isoflavone powder by freeze drying
Following the same approach, a mixture (100 g) containing sodium alginate and isoflavone extract was freeze dried at -40° under a 60 millitorr vacuum and with a drying time of 24 h. A powder product of 6.6 g (9.1 % H 2 O) was obtained which contained the highest level of malonylglucoside, glucoside, acetylglucoside and aglycone (Table 1) . Of the various dried products, freeze-dried powder contained the highest content of total isoflavone, followed by vacuum-dried and spray-dried powder (Table 1) . However, for aglycone, vacuum drying was shown to produce a higher level than freeze drying, probably caused by conversion from glucose-containing isoflavone during extensive vacuum drying at 60 °C. In a study dealing with the conversion and degradation of isoflavone during heating, Chien et al. [5] demonstrated that aglycone can be formed from malonylglucoside, glucoside or acetylglucoside depending on heating temperature and time. Compared to vacuum drying, freeze drying showed a higher level of malonylglucoside, but no significant difference was found in the contents of acetylglucoside (Table 1) . Obviously, the highest yield of total isoflavone was accomplished by freeze drying, since both conversion and degradation of isoflavones were minimized. Nevertheless, vacuum drying generated a higher yield of powder (7.2 g) than either freeze drying (6.6 g) or spray drying (1.9 g).
A similar outcome was reported by Monsoor [25] , who evaluated the effects of several drying methods on the functional properties of soy hull pectin, the lowest yield of powder being observed for spray drying, whereas there is no significant difference between freeze drying and vacuum drying. In our study, freeze-dried powder contained a higher amount of moisture (9.1 %) than vacuum dried (7.2 %) and spray dried (6.9 %), which may be explained by formation of porous structures in the powder during sublimation, which should be more prone to moisture absorption after drying [26] . The same phenomenon was reported by Tsami et al. [27] , who found that freeze-dried powder could absorb moisture more readily than vacuum-dried powder, which can be attributed to the former being capable of forming a large number of pores with much smaller diameter.
By comparing the results shown above, freeze drying was proven to be the best method for production of powder with high-levels of isoflavone. Thus, we further investigated the effects of H-γ-PGA and L-γ-PGA on the production of isoflavone powder by freeze drying. Because of the high moisture absorption capacity and poor solubility in isoflavone extract, both H-γ-PGA and L-γ-PGA were dissolved separately in water to obtain a medium viscosity and a concentration of 2 %. In the beginning a mixture containing 25 g of H-γ-PGA or L-γ-PGA solution and 75 g of isoflavone extract was placed in a freezer (-30°) for 24 h. However, this mixture failed to freeze, mainly due to the presence of ethanol in the isoflavone extract. After various studies, a mixture containing 40 g of H-γ-PGA or L-γ-PGA solution and 100 g of isoflavone extract (0.28 % H-γ-PGA or L-γ-PGA in isoflavone extract) was frozen after 24 h at -30 °C. Six concentrations of 0.57, 0.28, 0.14, 0.028, 0.014 and 0.003 % H-γ-PGA or L-γ-PGA in isoflavone extract were prepared separately and placed in a freezer until frozen, after which each mixture was freeze dried at -40 °C under 60 millitorr for 24 h, and powder products of 8.4, 7.8, 7.9, 7.9, 7.6 and 7.5 g were produced, respectively, for H-γ-PGA, whereas for L-γ-PGA, a powder product of 8.4, 8.1, 7.7, 7.1, 7.5 and 7.7 g was formed. Of the four groups of isoflavones, both malonylglucosides and glucosides dominated for both powders containing H-γ-PGA and L-γ-PGA at all six levels (Tables 4 and 5 ). Only slight differences between acetylglucoside and aglycone were noted, probably because they are present in much smaller amounts in isoflavone extract. With 0.003 % H-γ-PGA or L-γ-PGA, the contents of total isoflavone in the freeze dried powder were 48,144 and 48,155 µg/g, respectively (Tables 4 and 5 ). Only minor differences were observed for 0.014 % H-γ-PGA and L-γ-PGA, which gave 48,204 and 47,245 µg/g, respectively. The same phenomenon also applied to H-γ-PGA and L-γ-PGA with levels at 0.28 and 0.57 %. No significant difference was found between 1 % sodium alginate and 0.57% H-γ-PGA or L-γ-PGA (Tables 4 and 5 ) for total isoflavone in the freeze dried powder. This result further demonstrated that a high yield of powder containing a large amount of isoflavone could be attained by using an extremely low level of 0.003 % H-γ-PGA or L-γ-PGA, and was comparable to that using 1 % sodium alginate as carrier. As mentioned before, with γ-PGA as carrier the powder production cost could be reduced greatly. Table 6 shows the characteristics of various isoflavone powders made by different drying methods. Both spray-dried and freeze-dried powder possessed a slightly yellow appearance, while vacuum-dried powder was deep yellow, which may be due to long-time drying at 60 °C. A γ-PGA (Na) with high molecular weight.
B γ-PGA (Na) with low molecular weight.
Tsami et al. [27] also reported that pectin-sugar powder made by vacuum drying exhibited deeper color than with freeze drying. With spray drying, the maltodextrin carrier produced the highest yield of powder, followed by gelatin and sodium alginate. With sodium alginate as carrier, freeze drying generated the greatest yield of powder, followed by vacuum drying and spray drying. It was also observed that the powder weight increased following a rise in carrier content, which resulted in a decrease of isoflavone level because of the dilution effect.
Conclusions
With spray drying, use of a level of 40 % maltodextrin as carrier results in a higher yield of isoflavone powder than with 10 % gelatin or 1 % sodium alginate as carriers. Freeze drying can generate a larger amount of isoflavone powder than vacuum drying and spray drying with 1 % sodium alginate as carrier. Compared to sodium alginate, an extremely low level of γ-PGA (0.003 %) as carrier can be used to produce powder containing high amount of total isoflavone. The results of this study may provide a basis for possible commercial production of isoflavone powder in the food industry. Further research is necessary to study the stability of isoflavone powder during storage.
Experimental Section
Materials
Soybean cake (50 kg) was purchased from Chung-Lian Oil Co. (Taichung, Taiwan), ground into powder and stored at -20° for use. Twelve isoflavone standards were obtained from LC Laboratories (Woburn, MA, USA), Sigma (St. Louis, MO, USA) and Nacalai (Kyoto, Japan). Formononetin (internal standard) was from Sigma. HPLC-grade acetonitrile was from Merck (Darmstadt, Germany). Analytical-grade ethanol (95%) was from Taiwan Tobacco and Wine Co. (Tainan, Taiwan). Deionized water was made using a Milli-Q water purification system (Millipore Co., Bedford, MA, USA). Gelatin, maltodextrin and sodium alginate were from Cheng-Fang Co. (Taipei, Taiwan). Both high-molecular-weight-γ-PGA (H-γ-PGA, MW 800 kDa) and low-molecular-weight-γ-PGA (L-γ-PGA, MW 200-400 kDa) in Na form were provided by Vedan Enterprise Corp. (Taichung, Taiwan).
Instrumentation
The HPLC instrument was composed of a Rheodyne 7161 injector (CA, USA), two Jasco pumps (PU 980 and PU 1980) and a Jasco MD-915 photodiode-array detector (Tokyo, Japan). Borwin computer software was used to process data. A Vydac 201TP54 C 18 column (250 x 4.6 mm I.D., 5 µm) was used to separate the 12 isoflavones in soybean cake and powder. The Büchi Mini B290 spray dryer was from Büchi Co. 
Extraction of isoflavone from soybean cake
Soybean cake (3 kg) was mixed with deionized water-ethanol (1:1, v/v, 9-L) in a flask, and the mixture was shaken for 2 h. Then the crude extract was divided into 10 portions and each subjected to centrifugation at 6,000 rpm for 20 min (25 °C), after which all the supernatants were collected and filtered through a glass filter paper. All the filtrates were combined to give approximately 4500-mL of filtrate that was used as raw material for processing the powder.
Processing of isoflavone powder by spray drying
Because of differences in solubility of the carriers in isoflavone extract, various proportions of gelatin, maltodextrin or sodium alginate to isoflavone extract have to be tried to find the optimum concentration. Four concentrations of 5, 10, 15 and 20 % gelatin in isoflavone extract were prepared by mixing 5, 10, 15 and 20 g of gelatin with 95, 90, 85 and 80 g of isoflavone extract, respectively. Similarly, four concentrations of 10, 20, 30 and 40 % maltodextrin in isoflavone extract were prepared by mixing 10, 20, 30 and 40 g of maltodextrin with 90, 80, 70 and 60 g of isoflavone extract, respectively. For sodium alginate, it was first dissolved in deionized water for a concentration of 4 % because of its poor solubility in isoflavone extract. Then a sodium alginate solution (25-g) was mixed with isoflavone extract (75-g) to obtain a final concentration of 1 %. Each carrier-containing isoflavone solution was subjected to homogenization for 10 min and then spray dried under the following conditions: feed rate 5, 10, 15 and 20 % and inlet temperatures 150, 160, 170 and 180 °C for gelatin solution; feed rates 10, 15, 20 and 25 % and inlet temperatures 150, 160, 170 and 180 °C for maltodextrin solution; feed rates 5, 7 and 10 %, and inlet temperatures 110, 130, 150 and 180 °C for sodium alginate solution. These conditions were chosen based on the different characteristics of carrier solutions like viscosity and solid content. After processing into powder, a sample (0.05 g) of either gelatin-and sodium alginate-containing powder or a sample (0.25 g) of maltodextrin-containing powder was separately dissolved in deionized water (5-mL). Then each solution (500 µL) was mixed with formononetin internal standard (200 µg/mL, 100 µL), followed by addition of deionized water (400-µL) and filtration through a 0.2-µm membrane filter. A 20-µL sample was injected for HPLC analysis.
Processing of isoflavone powder by vacuum drying
As the powder formation during vacuum drying can be affected by solids content, it is necessary to find out the optimum proportion of carrier to isoflavone extract. A concentration of 2 % sodium alginate and H-γ-PGA in deionized water was prepared separately, following by collecting 50, 20, 10, 5 and 2.5 g and mixing with 50, 80, 90, 95 and 97.5 g of isoflavone extracts, respectively. Proportions of carrier (sodium alginate or H-γ-PGA) to isoflavone extract at 1:1, 1:4, 1:9, 1:19 and 1:39 (w/w) were thus obtained with final concentrations of carrier of 1.0, 0.4, 0.2, 0.1 and 0.05%, respectively. After homogenization for 10 min, each solution was vacuum dried at 60 °C under 4 cm Hg for 48 h and then ground into powder. A powder sample (0.05 g) was dissolved in deionized water (5-mL), of which an aliquot (500-µL) was collected and mixed with formononetin internal standard (200 µg/mL, 100 µL) and diluted with deionized water (400 µL). The solution was filtered through a 0.2-µm membrane filter and 20 µL was injected for HPLC analysis.
To investigate the possibility of using a low level of carrier for production of isoflavone powder, four concentrations of 2, 1, 0.2 and 0.1 % of aqueous sodium alginate solution were prepared, and 20-g of each was collected and mixed with 80 g of isoflavone extract to obtain final concentrations of 0.4, 0.2, 0.04 and 0.02 %, respectively. Each solution was homogenized for 10 min and then vacuum dried at 60 °C under 4 cm Hg for 36 h. Likewise, four concentrations of 2, 1, 0.2 and 0.1 % aqueous solutions of both H-γ-PGA and L-γ-PGA were prepared, in which 5-g of each was collected and mixed with 95-g of isoflavone extract for the final concentrations at 0.1, 0.05, 0.01 and 0.005 %, respectively, and each solution was subjected to homogenization and vacuum drying. A 0.05-g of sample powder was collected for HPLC analysis following the same procedure described above.
Processing of isoflavone powder by freeze drying
For freeze drying, both sodium alginate and γ-PGA were not directly dissolved in isoflavone extract containing 50 % ethanol because of poor solubility. Instead, they were dissolved in deionized water to make freezing possible. Six concentrations of 4, 2, 0.4, 0.2, 0.04 and 0.02 % of sodium alginate in water were prepared, and 25-g of each was mixed with 75-g of isoflavone extract for the final concentrations of 1, 0.5, 0.1, 0.05, 0.01 and 0.005 %, respectively. After homogenization for 10 min, each solution was placed in a freezer (-30 °C) for 24 h for freezing. Similarly, six concentrations of 2, 1, 0.5, 0.1, 0.05 and 0.01 % of γ-PGA dissolved in water were prepared, and 40-g of each was mixed with 100-g of isoflavone extract giving final concentrations of 0.57, 0.28, 0.14, 0.028, 0.014 and 0.003 %, respectively. Each solution was homogenized for 10 min and then placed in a freezer (-30 °C) for 24 h. Next, all the sodium alginate and γ-PGA solutions were freeze dried at -40° under 60 millitorr for 36 h and subjected to grinding for powder production. A powder sample (0.05-g) was dissolved in deionized water (5-mL), of which 500 µL was collected and mixed with 100-µL internal standard formononetin (200 µg/mL) and 400-µL deionized water. The solution was filtered through a 0.2-µm membrane filter and a 20-µL sample was injected for HPLC analysis.
Identification and quantitation of isoflavone
The various isoflavones in soybean cake and powder were identified by comparing retention times and absorption spectra of unknown peaks with reference standards and co-chromatography with added standards. For quantitation, each isoflavone standard was dissolved in methanol for a concentration of 200 or 2000 µg/mL, while the internal standard (formononetin) was dissolved in methanol for a concentration of 200 µg/mL. Three standard concentrations of 1, 5 and 10 µg/mL of the 12 isoflavones were each prepared by mixing 25, 125 and 250 µL (from 200 µg/mL), respectively, with 500 µL internal standard (from 200 µg/mL) and diluting to 5 mL with methanol. Likewise, the other three standard concentrations of 20, 50 and 100 µg/mL for the 12 isoflavones were each prepared by mixing 50, 125 and 250 µL (from 2000 µg/mL), respectively, with 500 µL internal standard (from 200 µg/mL) and diluting to 5 mL with methanol. The final concentration of internal standard in each standard solution was 20 µg/mL. A 20-µL isoflavone standard solution of each was injected and 12 standard curves were prepared by plotting concentration ratio against area ratio, and the linear regression equation and correlation coefficient (r 2 ) of each standard curve was calculated. A gradient mobile phase developed by Hsieh et al. [28] was used to separate the 12 isoflavones: a mixture of acetonitrile (A) and deionized water (B) (8:92, v/v) was used initially, increased to 10% A in 2 min, 12% A in 3 min, 22% A in 10 min, 23% A in 11 min, 35% A in 12 min, 50% A in 13 min, maintained for 3 min and returned to 8% A in 20 min. All 12 isoflavones were adequately resolved within 15 min with a flow rate of 2.0 mL/min and a column temperature of 35 °C and detection wavelength at 262 nm. Each isoflavone was quantified using a formula as described by Kao and Chen [6] . Duplicate analyses were performed, and the data were processed using SAS [29] and subjected to analysis of variance and Duncan's multiple range test for comparison (α=0.05).
